paper-based glucose management algorithms in anticipation of a multicenter trial of glucose control in critically ill populations. To assess feasibility, we measured the time to reach target glucose range, time in target range, mean morning glucose concentrations, mean daily glucose concentrations, and number of crossovers. Second, to assess safety, we recorded hypoglycemic events (blood glucose <2.2 mmol/l), and serious adverse events such as cardiac arrests and seizures. Third, to assess clinical outcomes we recorded mortality (both in ICU and in hospital), length of ICU stay, need for renal replacement therapy, and incidence of bacteremia.
study population We chose a convenience sample of 65 patients and estimated that we would require 24 months to enroll this number of patients in a single study center. Patients were considered for enrollment if they were ≥16 years old and had been admitted to the ICU within the last 48 hours. Exclusion criteria were lack of informed consent, pregnancy, severe head injury (Glasgow Coma Score <8 at the time of hospital admission), fulminant hepatic failure (as defined by the King's College criteria) 18 , enrollment in another interventional trial, a clinical situation where therapeutic hyperglycemia may be indicated (e.g. acetylsalicylic acid overdose), myocardial infarction/ ischemia as the reason for this hospital admission, or history of insulin-dependent diabetes. Patients not expected to be in the ICU for more than 24 h (due to imminent death, withdrawal of life support, or discharge) were also excluded (FIGuRE) .
The SUGAR (Survival Using Glucose Algorithm Regulation) pilot trial was a single center study involving human subjects. The trial protocol was approved by the Institutional Review Board at the Vancouver Hospital and Health Sciences Centre. Informed consent was obtained for eligible patients or legal proxy decision makers before enrollment.
Intervention After obtaining informed consent from the patient or their surrogate, patients were allocated to groups by a computerized random number generator. Allocation arm was recorded in sealed, opaque envelopes, which were opened by a hospital staff member who was not one of the study investigators. Patients were randomized to receive an insulin regimen to control blood glucose concentrations in one of two specified ranges, controlled by the bedside nurse using a preprinted algorithm. Patients randomized to conventional insulin therapy ("high" group) had a target glucose concentration of 9-11 mmol/l while those randomized to intensive insulin therapy ("low" group) had a target glucose concentration of 5-7 mmol/l. After enrollment of 14 patients, we found that the glucose concentrations in the low group were higher than the desired range; therefore, for the last 18 patients in this group, we revised the algorithm to achieve a target glucose concentration of 4-6 mmol/l. to the conventional group, hospital mortality in the intensive insulin therapy group was reduced by 3.4%, and by 9.6% among the subset of patients who spent >5 days in the ICU. These investigators conducted a second study of intensive insulin therapy in critically ill medical patients 6 and found no difference in hospital mortality between the two groups. After adjustment for baseline imbalances, intensive insulin therapy was associated with a trend toward lower mortality (p = 0.05). However, in an a priori subgroup of patients treated in the ICU for ≥3 days, there was a significant reduction in mortality (p <0.001). 6 The German Competence Sepsis Network (VISEP trial) 7 found no difference in 28 day (21.9% vs. 21.6%, p = 1.0) and 90 day mortality (32.8% vs. 29.5%, p = 0.43) but an increased risk of hypoglycemia (12.1% vs. 2.1%) in the intensive insulin group vs. control group. In the absence of a mortality benefit, the trial was discontinued early after enrolling 488 patients after a safety analysis.
Similarly, the Glucontrol study was discontinued after the first inter im analysis due to futility. 8, 9 This trial was designed to enroll 3500 patients, but was stopped in May 2006 after 1101 patients in 21 ICUs had completed the study, because of the occurrence of adverse events in patients randomized to intensive insulin therapy. Severe hypoglycemia (defined as a blood glucose concentration of less than 40 mg/dl or 2.2 mmol/l) occurred in 8.6% of the intensive insulin therapy group compared with only 2.4% (p <0.001) in the less strictly controlled group. Multivariate analysis confirmed that aggressive blood glucose targets significantly increased the risk of hypoglycemia. However, there was no difference in all-cause mortality (17% vs. 15%, p = nonsignificant) between groups and the risk of death was not increased in patients who experienced severe hypoglycemia.
Numerous authors 10 -15 have called for trials involving more diverse populations, and better understanding of the role of nutritional strategies, glucose exposure, and the effect of large insulin doses. A recently published editorial 16 states "tight glycemic control recommendations are grade C at present" and that further randomized trials are required. A recent meta-analysis of 8432 randomized trials showed no effect of intensive insulin therapy on mortality in critically ill patients.
17 In this pilot randomized trial, we assessed the feasibility and safety of intensive insulin therapy, in preparation for a multicenter prospective trial of intensive insulin therapy that was designed to evaluate potential benefits and harms in a mixed medical/surgical ICU population.
PATIENTs ANd mEThOds Three overall aims
We had three overall aims for this pilot trial: to evaluate feasibility, safety and clinical outcomes. This pilot trial was specifically undertaken to evaluate the feasibility of preprinted the last 18 patients in the low group, a continuous intravenous infusion of insulin (50 IU Humulin R in 50 ml of 0.9% sodium chloride) was started if the glucose concentration exceeded 6.0 mmol/l and the infusion rate was adjusted to maintain the glucose concentration between 4.0-6.0 mmol/l. If, without insulin, the glucose concentration was <4.0 mmol/l, intravenous dextrose was not administered unless serum glucose concentrations fell below 2.5 mmol/l. For the analysis, all of the low group patients were treated as one group.
Blood samples were taken from arterial catheters. Adjustments to the insulin dose were made based on the values from bedside glucose measurement devices (Accu-Chek, Boehringer--Mannheim, Laval, PQ, Canada) on undiluted arterial blood done initially at hourly inter vals. The frequency of blood glucose measurements was determined by a predefined algorithm that depended on insulin dose and the current measurement. If these concentrations were within the assigned range, glucose concentrations were measured less frequently than if they were either above or below the target range. Before this pilot trial began, bedside nurses and physicians were formally trained in the use of the insulin regimens by a Research Coordinator.
After discharge from the ICU, blood glucose management occurred at the discretion of the patients' attending physician.
In the high group, a continuous intravenous infusion of insulin (50 IU Humulin R in 50 ml of 0.9% sodium chloride) was started if the blood glucose concentration exceeded 11.0 mmol/l. The infusion rate was adjusted to keep the blood glucose concentration less than 11.0 mmol/l and titrated when needed to maintain the glucose concentration between 9-11 mmol/l. If, without insulin, the patient's glucose concentration was <9.0 mmol/l, intravenous dextrose was not administered unless serum glucose concentrations fell below 4.0 mmol/l. Initially, in the low group, a continuous intravenous infusion of insulin (50 IU Humulin R in 50 ml of 0.9% sodium chloride) was started if the blood glucose concentration exceeded 7.0 mmol/l and the infusion rate was adjusted to maintain the glucose concentration between 5.0-7.0 mmol/l. If, without insulin, the glucose concentration was <5.0 mmol/l, intravenous dextrose was not administered unless serum glucose concentrations fell below 3.5 mmol/l.
Initially, in the low group, a continuous intravenous infusion of insulin (50 IU Humulin R in 50 ml of 0.9% sodium chloride) was started if the blood glucose concentration exceeded 7.0 mmol/l and the infusion rate was adjusted to maintain the glucose concentration between 5.0-7.0 mmol/l. If, without insulin, the glucose concentration was <5.0 mmol/l, intravenous dextrose was not administered unless serum glucose concentrations fell below 3.5 mmol/l. For excluded from analysis (n = 1 - withdrew consent) enrollment randomized allocation follow-up analysis significant differences with the Student's t-test, the Mann-Whitney U test, or the χ 2 test, as appropriate. We compared mortality rates in the two groups using relative risk and 95% confidence inter vals. We used repeated measures ANOVA to analyze differences in the daily caloric intake between the two groups.
REsuLTs study population Between September 2002 and September 2004, 1170 patients were screened and 329 patients met inclusion criteria. Of these, 102 patient surrogates refused consent and 159 were excluded for other reasons. Therefore, 68 patients were enrolled and randomized to the high or low groups; 35 patients were assigned to a target glucose concentration of 9-11 mmol/l (high group), and 33 were assigned to the low group (14 to be maintained between 5 and 7 mmol/l, and subsequently 19 to be maintained between 4-6 mmol/l; FIGuRE). One patient in the low group withdrew consent before the trial inter vention began. All remaining 67 patients were included in the intention-to-treat analyses. There were no differences between the groups in any of the recorded baseline characteristics (TAbLE 1) .
Feasibility: glucose control and insulin use
The high group spent 24.6% of the study period within, 62.5% below, and 12.9% above the targeted glucose range (TAbLE 2). The low group spent 56.3% of study time within, 9.7% below, and 34.1% above the targeted glucose range. In the first 7 days, the high group spent less time in their target range (a median of 35.7% of the time vs. 53.0% in the low group; p = 0.0001). The mean morning glucose concentration was significantly higher in the high group than the low group (8.3 mmol/l vs. 6.2 mmol/l, data collection and outcome measures Upon enrollment, we recorded detailed demographic information including age, sex, admission diagnosis, co-morbidities, and Acute Physiology and Chronic Health Evaluation (APACHE II) score during the first 24 hours of ICU admission. We documented dates of admission to and discharge from the ICU and the hospital.
The primary outcome of feasibility was assessed by measuring time to reach target glucose range, time in target range, mean morning glucose concentration, mean daily glucose concentration, and crossover time. Crossover time was defined as the percentage of total study time that patients spent in the target range of the group to which they were not assigned. Morning glucose concentrations were recorded and mean daily glucose concentrations were calculated. Safety was assessed by measuring the number of episodes of serum glucose concentration ≤2.2 mmol/l (a conventional threshold used in previous similar trials) and serious adverse events such as cardiac arrests and seizures. The clinical outcomes were mortality (both in ICU and in hospital), length of ICU stay, need for renal replacement therapy, and episodes of bacteremia. We collected data on daily caloric intake from all sources in all subjects every day. data analysis The two groups were compared using descriptive statistics. The feasibility of glucose control was determined by recording the median time to reach target glucose range, percentage of time in target range, mean morning glucose concentrations and mean daily glucose concentrations and number of crossovers. Due to the variable numbers of glucose measurements in each patient throughout the day, linear interpolation from recorded values was used to generate hourly mean glucose values. We tested for dIsCussION In this pilot randomized trial we examined the feasibility, safety, and clinical outcomes of two intensive insulin therapy regimens. Several important lessons were learned that assisted in the development and management of the subsequent multicenter trial.
With respect to feasibility, we found that our initial preprinted low group algorithm did not achieve the desired target range. After 14 patients were enrolled in the low group we found that the glucose concentrations in the low group were higher than the desired range. Therefore, we revised the algorithm for the last 18 patients in this group to achieve lower average glucose levels.
We did find that our preprinted algorithms successfully created a statistically significant difference between the two groups in mean daily blood glucose concentrations. However, patients randomized to the high group spent the majority of the study period with glucose levels below their target range. This may have been because the study protocol did not include directions to increase the glucose concentrations unless they were considered to be dangerously low. This distinction is important, as the algorithms studied in this pilot trial allowed a large overlap in blood glucose levels between the high and the low groups. In a trial assessing clinical outcomes this overlap respectively, p <0.0001). The percentage of total study time that patients spent in the target range of the group that they were not assigned to (crossover time) was a median of 19.9% for the high group and a median of 1.7% for the low group (p <0.0001).
Fifty-seven percent of patients in the high group received insulin during their ICU stay whereas all patients in the low group received insulin. The average daily dose of insulin in the high group was 25.2 IU (±45.6 IU) compared to 78.9 IU (±66.3 IU) in the low group (p = 0.0002).
safety One episode of hypoglycemia occurred in the high group (2.9% of patients), and 8 episodes occurred in the low group (24.2% of patients). These occurred out of a total of 2802 and 2313 glucose measurements in the high and low groups, respectively. There were 0.002 and 0.03 hypoglycemic events per patient-day in the high and low groups (p = 0.0233). We detected no untoward consequences or serious adverse events such as seizures or cardiac arrests associated with these episodes of hypoglycemia. No patients were withdrawn from their assigned inter vention by their physicians.
Clinical outcomes There was no difference in 28 day mortality between groups. Five (14.3%) patients in the high group and four (12.5%) patients in the low group died (relative risk 1.14 (95% CI from 0.34-3.89, p = 0.83)).
In the high and low groups, respectively, the median lengths of ICU stay (see TAbLE 3) were 11.5 and 7.43 days (p = 0.013). The median lengths of hospital stay were 33 days and 22 days in the high and low groups (p = 0.079). The median duration of mechanical ventilation was 228.2 h in the high group and 132.2 h in the low group (p = 0.019). Two patients (9.4%) in the high group and two Abbreviations: see TAbLE 1 the promotion of inappropriate thrombosis. 25 It is therefore possible that the use of insulin in previous trials may have partly been as a "rescue therapy" for severe hyperglycemia and that the use of insulin to achieve a target blood glucose of 4.4-6.1 mmol/l helped mitigate the harm of the dextrose infusions. Our study has several limitations. Of the 329 eligible screened patients, 68 (20.7%) were enrolled. This low rate of enrollment was primarily due to difficulty in achieving timely informed consent. It is possible that this may have introduced a bias into the type of patients enrolled, which may affect the generalizability of our results. As a single centre trial, the generalizability of our findings is limited to ICUs with practices and algorithms similar to ours. Although the randomization of patients was concealed and blinded, treatment was not, so like other unblinded intensive insulin therapy trials, it is possible that patient management may have influenced outcomes. However, our pilot trial was not designed to assess short-or long-term mortality and morbidity endpoints; furthermore, the small sample size makes any inferences about these outcomes speculative.
In conclusion, we have examined the feasibility and safety of two glucose control algorithms in critically ill patients, illustrating how pilot trials can help to prepare for future large trials. Our results demonstrate how difficult it can be, even under study conditions, to maintain a narrow range of glucose concentrations in critically ill patients.
In another pilot randomized trial (LOGICthe Lowering Of Glucose In Critical Care), glucose values were in the two target ranges only 40% of the time despite using well accepted insulin infusion algorithms.
26 We documented more hypoglycemic events in the low target range group, but this trial is too small to draw conclusions about the consequences of such events, or the effect of intensive insulin therapy on clinical outcomes. Recently, a large collaborative randomized trial powered to detect differences in clinically important outcomes was completed in Australia, New Zealand, Canada, and the USA. 27 The success of NICE-SUGAR trial was in part due to the lessons learned in our preparatory pilot trial. Medicine. None of the study sponsors above had any role in the study design, in the collection, analysis and inter pretation of data; in the writing of the manuscript; or in the decision to submit the manuscript for publication. The authors might hinder the ability to detect meaningful outcomes. This finding allowed us to modify our glucose management algorithm prior to the subsequent multicenter trial.
In terms of safety, we found that hypoglycemia occurred more commonly in the low group than the high group (8 vs. 1 episode, or 24.2% vs. 2.9% of patients). Our protocol was associated with a higher rate of hypoglycemia than that in a recent report of intensive insulin therapy in a medical ICU 6 but is consistent with rates of hypoglycemia seen in a similar study in a surgical ICU 1 . Hypoglycemic events in critically ill patients may be associated with increased mortality, which requires careful evaluation in studies with larger sample sizes. 19 We did not document any seizures or cardiac arrests associated with these short-lived hypoglycemic episodes.
This pilot trial was not powered to detect differences in clinical outcomes between groups, and any differences observed must be inter preted cautiously. We found no difference in mortality between patients treated with insulin to maintain blood glucose concentrations between 4-7 mmol/l and those treated to maintain these concentrations between 9-11 mmol/l. The low target group had a short median duration of mechanical ventilation and a shorter median duration of ICU stay, but no difference in median length of hospital stay. The rates of fungemia and bacteremia were not different between the two groups when adjusted for time.
Patients studied in the first trial by van den Berghe et al. were substantially different from those whom we enrolled. The patients in the van den Berghe et al. trial were primarily cardiac surgical patients (62.7% of all patients), a population in which the benefit of strict glucose control has previously been demonstrated. [20] [21] [22] In their second trial 6 , van den Berghe and colleagues enrolled patients who had an average APACHE II score of approximately 23 and who had mostly medical illnesses. Despite the similar level of illness seen in our population, 57.1% of patients in our high group (9-11 mmol/l) required insulin as compared to 70.4% in the conventional treatment arm of the second trial by van den Berghe et al. We speculate that this difference is explained by differences in nutritional practices between our study and van den Berghe's studies. Both studies by van den Berghe et al. used large amounts of intravenous carbohydrate, which is not typical of North American practice.
23,24
In our study there was no difference between the groups in the average amount of daily calories received, and most calories were provided enterally.
Interpreting any trial of intensive insulin therapy and glucose control requires understanding nutritional strategies employed. In critically ill patients an infusion of dextrose may worsen the neurohormonal environment. This occurs via the activation of pro-inflammatory cytokines, the impairment of neutrophil function, and have no declared conflicts of inter est pertaining to the design, writing, analysis or submission of this manuscript.
